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valuable memoirs by Baeyer, on the progress lately made 
in the measurement of the degree ; by Griesbach, on the 
Geography of Plants ; by Schmarda, on the progress ofour 
Knowledge of the Distribution of Animals ; by Seligmann, 
on the Progress of Ethnology ; by Muller, on Linguistic 
Ethnography in Relation to Anthropology ; by Fabricius, 
on the Progress of our Knowledge of National Statistics ; 
by Sparer, on the History of Geography ; by Neumann, on 
the Products, Merchandise, and Currency of Different 
Nations ; andbyBehm, on the most important Geographical 
Trayels during the years 1868-69. Behm’s memoir, which 
extends over more than a hundred pages, is unquestion¬ 
ably the most valuable portion of the book, and next in 
order of interest, at all events to the naturalist, we should 
place the essays of Schmarda and Griesbach. The last 
part of the volume is purely numerical, and requires no 
comment. Everyone desirous of keeping himself up to 
the existing level of geographical knowledge should pur¬ 
chase both the German and French annuals. For those 
who must content themselves with a single volume, we 
should say the French one was the better. 

G. E. D. 

The Romance of Motion. By Alec Lee. (Longmans: 

1871.) 

Tfiis is another of those books in which the author does 
not understand the first principles of the science with 
which he deals. The laws of motion seem to be affording 
more than usual trouble to certain people just now, and 
most unfortunately they write books about it couched in 
the longest scientific terras and the most formidably 
accurate-looking phraseology. The author alleges, as 
one of the extraordinary paradoxes among the opinions 
of the nineteenth century, “ how all bodies are supposed 
to persevere in their state of rest or of motion, in a 
straight line, unless compelled to change that state of rest 
or motion by the impression of some force on them ; and 
how, in opposition to this law, the planets become ac¬ 
celerated and retarded in their orbits without such adequate 
impression of force ; also how bodies initially projected 
at the surface of the earth, fall by the force of gravitation 
with velocities uniformly accelerated, and how the planets 
similarly projected descend towards the sun with velocities 
comparatively equal throughout the entire duration of their 
revolutions.” We need hardly remind the reader that these 
conclusions, so far from being in any way in opposition to 
the law of motion stated by the author, are in complete 
harmony with that law, and, as was demonstrated by 
Newton, follow from it on the hypothesis (to give it no 
higher name) of gravitation. The author at least might 
have observed, in comparing the case of the stone and of 
the planet, that the direction of the force on the former 
is unaltered, while that of the force on the latter is con- 1 
tinualiy dunging. 


LETTERS TO THE EDITOR 

[The Editor does not hold himself responsible for opinions expressed 
by his Correspondents. No notice is taken of anonymous 
communications. ] 

Thickness of the Earth’s Grust 

Archdeacon Pratt’s explanation in Nature of May n 
seems to assume that a rigid body moving in contact with a fluid 
body can never communicate its own rate of motion to the latter 
as quickly as it would do if this were also a rigid body attached to 
itself. Supposing the earth to consist of a rigid crust inclosing 
a fluid interior, and the crust to be moved by the forces producing 
precession, it would, he says, “slip over the surface of the re¬ 
volving fluid through a small space proportionate to the push 
given to the poles. The fluid could not possibly acquire in an 
instant this new motion, however small it might be, because the 
fluid is not rigidly connected with the crust.” 

I venture to suggest that if in the last sentence Mr. Pratt would 
substitute the word “slow” for “small,” the_ question would 


have a different aspect, notwithstanding his subsequent state¬ 
ment to the contrary. 

Strictly speaking, when a body, however rigid, is moved, the 
whole of it never moves instantaneously. The particles on -which 
the moving force immediately acts move first, and the rest move 
in succession afterwards. The smallness of the interval is 
the measure of the rigidity, but some interval must 
always be assumed. Bodies move as a whole through the 
attractive or repulsive forces of- their particles; and every 
such force resolves itself into a power of moving something 
through a certain space in a certain time. The reason 
why a moving solid will “slip over” the surface of a fluid 
instead of carrying it with it, is that the rate at which it can 
carry it with it by reason of its attractive force is commonly less 
than the rate at which the solid is moving. But if the motion is 
slow enough to exceed that which the attractive force will cause 
in the fluid, it will slip over no longer; and if it be so slow that 
not only the power of the solid over the fluid, but of the fluid par¬ 
ticles over each other, is able to produce an equal rate of motion, 
the wholfe mass will move together as if it were a rigid body. 
This rate will depend chiefly on the nature of the fluid. If a 
metal plate four inches in diameter is filled with lamp oil, and 
made to rotate at about one revolution in three minutes, the oil 
will move with the plate without appreciable retardation, though 
if the speed be doubled, the oil is seen to be “ slipped oyer.” 
If water is used, or the size increased, the rotation must of course 
be very much slower. It would appear on these grounds, I 
think, that the extremely slow movement of precession might 
practically affect the whole body of the earth as if it were rigid, 
notwithstanding the granting of a fluid interior. 

May 14 A. J. M. 

It requires no little courage to attack so eminent a mathemati¬ 
cian as Archdeacon Pratt 0:1 his own ground, and it is, therefore, 
with the utmost diffidence that I venture to suggest that in his 
defence of Hopkins against Delaunay in your last number, he 
has mistaken a mathematical fiction for a fact. 

In calculations involving quantities which vary in magnitude, 
the imperfection of our methods oblige us to have recourse to an 
artifice, and for the benefit of the non-mathematical reader, I 
will try to explain what this artifice is, taking the case of nuta¬ 
tion as an example :— 

The motion of the earth’s axis which is known by this name, 
is caused mainly by the attraction of the moon on that part of 
the earth which lies outside a sphere, whose centre is the earth’s 
centre, and its radius the polar radius of the earth. Now this force 
of the moon’s attraction is never the same in magnitude ; and, 
however small be the interval of time we consider, it is not the 
same at the end as the beginning of that interval f it is in cessantly 
changing. Everyone will realise the difficulty of estimating the 
effect of such a force. This difficulty is got over by the artifice 
I mentioned, which is as follows :—The time is divided into a 
number of small intervals, and the attraction is supposed to keep 
during anyone of these intervals the magnitude which it has at 
the beginning of that interval, and at the end of that interval 
suddenly to assume the magnitude which it has at the beginning 
of the interval next following, and so on ; the force, in short, in¬ 
stead of varying by insensible changes, is supposed to act by a 
series of fits and starts. This must be. what Archdeacon Pratt 
means when he talks of “a succession of slight horizontal 
pushes being given to the poles.” The amount of motion pro¬ 
duced during each interval on the above supposition is then de¬ 
termined, and these amounts are added together to obtain the 
displacement produced. 

11 is clear enough that such a method can only be approxi¬ 
mately correct; but it is also clear that the smaller each interval 
is, the nearer will the hypothetical be to the real state of the 
case, and the nearer will the calculated be to the actual result. As 
long as the intervals are finite there must be some error, but the 
smaller the intervals are made the less will this error be. I need 
not go into the methods of mathematical analysis which enable 
us to get rid of this error, and which, when we have found out 
what will be the effects of a force acting with variable intensity 
by fits and starts separated by small finite intervals, enables us to 
deduce the effect of the same force when it comes to vary inces¬ 
santly ; for T hope I have made clear the nature of the mathe¬ 
matical artifice on which this analysis is founded. 

Now it seems to me that Archdeacon Pratt ali along reasons 
on the supposition that the moon’s attraction acts after the 
manner the mathematical artifice I have described supposes it 
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for the mere necessities of calculation to act. All his argument, 
if I understand it aright, depends upon the displacement being 
by fits and starts. Thus he says (Nature, July 28, 1870), 

4 4 The precessional force has its full effect in producing the pre-: : 
cession of the solid crust, the fluid not having time * to diminish 
that effect before the axis has assumed a new position ; ” and 
“ The friction of the fluid within, which has not time to influence 
the nutation before the nutation is actually produced;” and 
(Nature, May ji, 1871), “ Suppose a succession of slight hori¬ 
zontal pushes to be given to the poles in a continually altering 
direction, the effect will be that the revolving crust will be con¬ 
tinually slipping over the revolving fluid, which has not time to 
acquire the new motions given instantaneously to the solid 
crust.” 

The leading idea in all these passages seems to me to be that 
the attractions of the sun and moon, to which precession and 
nutation are owing, act by impulses, by a succession of sharp 
pulls quickly repeated. This is truly enough the supposition 
with which mathematical calculation starts ; but the real action, 
I need not say, is a steady, continuous, though ever varying, 
pull, and it is the result of such an action which our calculations 
in the end lead us to, by a method which enables us to get rid 
of the error necessarily involved in the approximate result which 
would follow from our first supposition. 

I cannot then help thinking that even Archdeacon Pratt has for 
once been carried away by the beauty of mathematical analysis, 
and has for the moment forgotten that the conditions which it is 
obliged to employ for its ends do not in their initial form repre¬ 
sent the actual conditions of nature. The explanation occurred 
to me on first reading his paper in the Philosophical Magazine, 
but seemed to me so unlikely that I shrank from putting it for¬ 
ward. I can, however, in no other way imagine how he can 
have come to the startling conclusion, that, if a solid shall be 
moved by a steady, continuous pull over an interior ball of fluid, 
it can make no difference in the result, whether there is or is 
not friction between the interior of the shell and the surface of 
the fluid. Archdeacon Pratt, will, I know, if I am wrong, 
pardon my presumption and put me right. 

Barnsley, May 12 A. PI. Green 


Pangenesis: Graft-Hybrids 

Each person who assails this unfortunate “ provisional hypo¬ 
thesis ” makes the attack from his own particular point of view. 
Thus, in Nature of last week Prof. L, S. Beale, as a micro- 
scopist, objects to it because the gemmules cannot be made evi¬ 
dent to the senses. From this somewhat narrow view of the 
case the atomic theory of chemistry, the undulatory theory of 
light, or the mechanical theory of heat, must all break down, for 
no one has as yet seen an ultimate atom, or an ethereal undu¬ 
lation. Mr. A. C. Ranyard, in the same paper, publishes a 
letter which is quite at variance with fact, for if he will turn to 
pp. 390, 391, 394, 397 in vol. i. and pp. 364 and 365 vol. ii. of 
Mr. Darwin’s work on “ The Variation of Animals and Plants 
under Domestication,” he will there find many cases given of the 
scion affecting the stock and producing intermediate forms known 
as 44 graft- hybrids.” Pangenesis has not yet 44 received its death 
blow.” R. Meldola 

May 13 

IN your last number Mr. Ranyard brings forward an-objection 
to Mr. Darwin’s Lheory of Pangenesis on the ground that the 
grafting of a bud on a stock of a different species does not pro¬ 
duce a hybrid offspring. I am not about to defend the doctrine 
of Pangenesis, which appears to me incapable alike of proof and 
of disproof. It is, however, a well-known fact that the stock does 
affect the scion, and vice versa. In Prof. Henfrey’s 4 ‘Elementary 
Course of Botany ” (Dr. Masters’s edition) he says, “ A certain 
amount of physiological influence of the stock over the scion is 
shown to exist by such facts of horticultural experience as that 
the fruit of the pear is smaller and more highly coloured when 
4 worked on ’ the quince and medlar than when grafted on 
pear-stocks, and is earlier when worked on the mountain-ash.” 
The well-known instances of the communication of variegation 
from the scion to the stock in A hut don, recorded by Prof. 
Mo? ren and others, are considered cases of contagious disease; 
tut what is the theory ot contagion but that the blood or other 

* I have taken the liberty of italicising those expressions which seem to 
me of vital importance to the argument in these quotations. 


“fluid” of an animal or plant is affected by emanations call 
them <e gemmules ” or what you will, from another individual? 
The same writer records an instance which he considers' well 
authenticated of the production of the hybrid Cytisus Adami by 
the grafting of C. purpureus on C. laburnum. 

Alfred W. Bennett 


The Rev. Mr. Highton and Thermodynamics 

You are cruelly kind to Mr. Highton in giving him space to 
develop his absurdities. 

His new remarks on Joule, like his earlier ones on a paper by 
Sir W. Thomson, simply show that he does not understand what 
he ventures to criticise. Of course, what joule now says is pre¬ 
cisely what he said a quarter of a century ago, with the simple 
difference that it is put in a somewhat more popular form. 

No one who has taken the trouble to understand the experi¬ 
mental facts and the elementary reasoning of which the Laws 
of Thermodynamics are the condensed expre sion, has any more 
doubt of their truth than of the truth of Newton’s Laws of 
Motion. They are, perhaps, a little harder to understand ; but 
the proof is of the same nature, and already almost of the same 
extent, in the newer science as in the older one. 

I have not seen the Review of Popular Science referred to by 
Mr. Highton, but I hope (for the credit of that journal) that he 
misconceives its statements as he does those of Joule. 

Your “first reviewer” (or rather precis-writer) of his article, 
whoever he may be, certainly gives him no encouragement in 
the number for Jan. 19, whatever may have been the effect of 
my treatment of his not singular case. 

Your Reviewer 


On the Radial Appearance of the Corona 

Would an indefinitely extending solar atmosphere, if its 
existence could be proved, be in itself sufficient to explain the 
appearance of the solar corona ? Should we not still have to 
explain the apparent radiation which is so distinctly part of the 
phenomenon ?—If the light or heat of the sun which radiates 
symmetrically outwards as from a point at its centre be the cause 
of the illumination, surely the figure of the corona would bear 
some relation to the figure of the atmosphere or medium on 
which the light or heat acts? Yet I think I may say that it is 
quite impossible to conceive a medium so distributed and arranged 
as to form rays such as those seen in the corona. If the recent 
photographs had not shown beyond a doubt that this irregular 
radiating appearance belongs to the corona and the neighbour¬ 
hood of the sun,* it would have gone a long way to prove that 
the corona is at least partly due to the earth’s atmosphere or 
mere op'ical effect. But, as it is, I think this radiation clearly 
proves that the corona cannot be due to the direct action of the 
light and heat of the sun on any surrounding matter. In fact, I 
cannot conceive an atmosphere the character of which varies in 
a radial manner, however rapidly either its nature or density 
may vary with the distance from the surface of the sun. If, 
instead of an atmosphere, we try to conceive a ring of meteors, 
still the radial gaps so clearly marked on the photographs pre¬ 
sent insurmountable difficulty. This, moreover, L impossible on 
other grounds. It is impossible that there can be an almost 
homogeneous mass of meteoric matter circulating round the sun 
in the form of an outer sphere, and if it circulated in the ecliptic 
or any other plane, it would present the appearance of Saturn’s 
belt, whereas the corona appears altogether different bom ibis, 
and cannot possibly be a film of light in any plane but that of the 
sun’s limb. 

Nor can these radial rifts be of the nature of shadow. For 
the shadow which anything like a sun spot would produce in a 
misty atmosphere must be conical, the vertex of the rone being 
outwards, so that the edges of the shadow would approach each 
other instead of receding as they do. Moreover, such a shadow 
would still be seen through a great extent of illuminated so ar atmo* 
sphere, and therefore be only partial or faint, whereas the rifts are 
so dark and definite as to imply a total absence of coronal light; 
this must be the case unless the rifts or gaps in the spherical 
envelope extended right across the sphere from front to back, 
and we know that there is no obstruction on the surface of the 
sun that c-uld cast such an extensive shadow. 

What, then, dot-s this radiated appearance show the corona to 
be? I think that it proves that the corona is an emission 
either of illuminated matter or of an action illuminating matter, 

* Has this yet been established ?—Ed. 
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